A method is described for obtaining true orthogonal components of the heart vector by measuring the differences in potential between resistor networks which are connected to the limbs and to the back. The values of the resistors in the networks are determined by solving equations into which the scalar coefficients for the limbs and for the back are inserted.
C OEFFICIENTS for defining the relationships between the manifest potential difference' of the heart (the heart vector2) and leads from the surface of the body (lead vectors2' 3) have beeii determined on models.2' 3 The agreement in values obtained by two teams of investigators ill two different parts of the world on two different models is quite remarkable.9 Before these data can be applied clinically, one must attempt, by determining the coefficients in man, to overcome some of the objections to experiments on a model.
Execution of such clinical research poses many difficulties. Preliminary direct approaches in one dimension have been made by placing a dipole within the heart4 or in the esophagus.5 Theoretic solutions have been proposed by Frank6 and by McFee and Johnston.7 Observations by Frank,6 based on studies of a full scale model of a man, have only the objection already mentioned. Analyses presented by MeFee & Johnston7 are based on the relationships between the "lead field" and the lead voltage. From these relationships they propose to create specifically desired leads either by cancelling out unwanted direction, flare or curvature of the lead field by combina- Aided by grants from the Knapp Foundation and the New York Heart Association.
Dr. Briller is an Established Investigator of the American Heart Association. tion with other leads, or by adjustment with suitable resistor networks of the lead field obtained at the surface of the body for the purpose of producing the desired field in the heart. From a practical point of view, the principal objection to these methods is the difficulty in visualizing the three-dimensional distribution of the lead field in the body. Furthermore, the last method is not likely to have appeal for the clinician since its application will probably involve the use of multiple electrodes, variable in number and location, and also involve the use of multiple resistors.
In an attempt to overcome these objections, and at the same time to elaborate on the analytic methods available for constructing accurate "null-potential"8 electrodes, it will be shown that uniplanar central terminals ("component terminals") used in conjunction with a biplanar null-potential terminal may be used to determine the orthogonal components (x, y, z) of the spatial heart vector in man. The central terminal principle is used for several reasons. One is that vectorcardiographic reference systems which utilize it are less sensitive than those that do not to interand intra-individual changes in the position of the dipole. 6 Using the general theory of heart vector projection,9 a mathematical solution for twodimensional and three-dimensional central terminals may be devised. The tions determined by the position of the dipole and the properties of the medium.
The Central Terminal in Two Dimensions
It is unimiportant to define the shape or character of the medium for which the central terminal is being determined, inasmuch as the vector, c, in itself contains all pertinent data. It can properly be called a transfer function for the problem specified. It is only necessary that enough of these functions be involved and the leads which determine them chosen so that the transfer functions are basically independent as stated in the theory of orthogonal functions.'0 Roughly, in two dimensions, three points not on a straight line are needed.
To be truly at zero potential the points must define a bounded plane which passes through the center of the dipole. On the other hand, if the terminal is to be used to obtain one orthogonal component of the heart vector, then it is only necessary to select the points so that the bounded plane defined by them is penetrated by the axis of the component to be defined. Figure 1 illustrates a general two-dimensional inhomogeneous medium where three points, (1) and i, and k are the three component unit vectors.
The heart vector, 1j, and its three scalar components px, p, and pz are functions of time. The midpotential of -i is assigned the value of zero. All potentials are measured from this point and it is the potential of this point that must be duplicated at the zero potential central terminal. The potential difference, 1, between it and any other point in or oni the surface of the medium is given by IVT =c*I) = Cxpx + Cypy + czpz (2) The lead vrector, c, is invariant with timie and is onIly lependent upon the boundary condi-* A ''transfer function" may be described as a set of coefficients bv means of which input and output quantities of any network may be related. 
The Central Terminal in Three Dimensions
In three dimensions it is necessary to specify four points with four transfer functions. This is illustrated in figure 3 where four points the midpoint on the heart rector. The network is now made up of four resistors R,, R2, R3 and R4 having the currents ii, i2, i3 and i4 flowing through them respectively. Since M must again ha-ve the same potential as the midpoint of p, it follows that V, = i1R1 V2 = i2R2 1 3 = i3R3 1T/4 = i4R4 By using resistors of these ratios in the network a central terminal, M1, can be obtained which at all times will be at the same potential as the midpoint of the heart vector.
An example of this network can again be worked out using Frank's coefficients for a male torso,6 regarding the fourth point as being on the back. V4 = VB = 16px -13py + 90pz (15) 
Vectorcardiographic Refereiice Systems
In vectorcardiography it is necessary to obtain the three components of the heart voltage in as pure a form as possible. When the transfer functions are known, it has been shown that the components of the heart vector can be obtained from the scalar voltages measured at the surface of the heterogeneous medium by means of simultaneous equations.2 6 This is awkward and makes the problem of obtaining the components iin "real time" a difficult one. "Real time" means the instant at which they occur in the body. The central terminal in three dimensions gives an electric terminal which is at zero potential for all components, provided the image space, delimited by the four points selected in the medium, surrounds the source of potential.
A terminal remains to be obtained at which only one of the heart vector components exists. This has already been accomplished. In the example of the two-dimensional central terminal it was pointed out that the z component was completely neglected. This means that the voltage in the z axis will not be zero at this two-dimensional central terminal and the difference in potential between this terminal and the true central terminal should consist of only the z component. The actual amplitude of the component may be calculated very simply once the network has been established.
General Vectorcardiographic Network
In the general case, in addition to the threedimensional central terminal shown in figure  4 , three other two-dimensional central terminals have to be determined. These are illustrated in figure 5 
